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Norbert O. Stockman®

Lewis Research Center

Nat{onal Aeronautics and Space Administration
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Abstract

A method has been developed for analyzing the
flow in subsonic axisymmetric inlets at arbitrary
conditions of freeatream velocity, incidence
angle, and inlet mass flow. An improved version
of the method is discussed and comparisons of re-
sults obtained with the original and improved
methods are given. Comparisons with experiments
are also presented for several inlet configurations
and for varjous conditions of the boundary layer
from insignificant to separated. The paper dis-
cusses applications of the method, with several
examples given for specific cases involving inlets
for VIOL 1ift fans and for STOL engine nacelles.

Introduction

Many proposed advanced aircraft, whether CTOL,
STOL or VTOL, require propulsion system inlets to
operate efficlently over wide ranges of flight
speed, incidence angle and inlet throat Mach
numbers (mass flow rates). These requirements
can be quite severe for a fixed-geometry axisym-
metric inlet. Therefore, considerable research
and development effort 1is required for the design
of such inlets.

The principal tool in inlet design has been
wind tunnel experiments with scaled model inlets.
Wind tunnel testing is both lengthy and expensive.
To minimize the amount of wind-tunnrl testing re-
quired and to ensure that reasonable geometries
sre tested, s reliable theoretical method of in-
let analysis is needed. The method should be
able to calculate the potential and viscous flow
in inlets of arbitrary geometry and combinations
of operating conditions.

Such a method Las evolved over the past several
years at the NASA Lewis Research Center. The
original motivatiou for a potentisl flow analysis
(ref. 1) was the need to design jinlets for an in-
house VIOL 1ift fan test program (refs. 2 & 3).
The method was quite successful at this and vas
extended to sev.rai ozher applications (ref. 4).
When the method wa.: applied to STOL inlet designs,
the boundary layer iecamc eignificant, and the
boundary layer or viscous calculations were in-
corporated into the system (ref, 5).

A status veporg on the resulting method as of
late 1973 is g:ven in refarence 6. Since that
paper, the methud was improved and many additional
applications were made (e.g., refs. 7 &6 8). The
present paper (essentially an update of ref. 6)
will cover the elemruts of the method, a com~
parison of the isproved mathod with the original
method, several cosparisons with experiment, and
a discussion of mwrar of design and analyeis
applications.
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Nomenclature
combination coefficients, eq (1)
local skin friction coefficient (ratio
of wall shear stress to dynamic pres-
sure at edge of boundary layer)
diameter
Mach number
pressure
surface distance
rotor tip speed
velocity
inlet mass flow
inlet incidence angle
boundary layer thickness
boundary layer displacemerc ihickness
change in rotor incidence angle
density

source strength

control station

corrected for compressibility
critical

highlight

incompressible

basic solution

saxioum value

reference value

static conditions

total or stagnation conditions
throat

fresstream value

average value

vector quant'try
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Method of Solution

Statement of the Problem

The basic problem to be solved is to calculate
the compregsible viscous flow in an arbitrary
axisymmetric inlet at any combination of oper-
ating conditions of inlet mass flow rate, W,
freestream velocity V_, and inlet incidence
angle, a (fig. 1). At non-zero incidence angle
the flow in and around the inlet is three-
dimensional. At the present time there is no
exact practical compressible viscous flow method
of solution (computer program) capable of handling
this inlet problem. Therefore, the problem is
solved in several steps (shown schematically in
fig. 2) as follows:

1. Geometry representation (Program SCIRCL)

2. Incororessible potential flow basic solu-
tions (EOD)

3, Combined solutions with compressibility
correction (COMBYN)

4, Boundary layer calculations (VISCUS)
5. Iterative loop

The four computer programs are available from
COSAIC, Computer Center, Information Services,
112 Barrow Hall, University of Georgja, Athens,
Georgls, 30602. Programs SCIRCL, EOD and COMBYN
are one unit (ref. 9) with number LEW-12152; pro-
gram VISCUS (ref. 5) is number LEW-12178. Each
step will be next described in some detail.

Geomet,; Representation

The inlet is assumad to be axisymmetric and is
reprasented by its wmeridional profile, This pro-
file 1is broken into segments at convenient tangent
points as shown in figure 3. Each segment may be
defined by an snalytic expression or a set of
points. The inlet duct.wslls and the outer sur-
face (nacelle or bellmouth) must be extended far
downstresam (fig. 3) to facilitate obtaining
accurate potential flow solutions in the inlet
region of interest. The geometry program (SCIRCL,
fig. 2) prepares coordinate-point input for
efficient use of the potential flow program and
also prints out informstion such as curvature,
wall angles, flow area distribution, etc., which
is useful in preliminary screening of proposed
inlet shapes.

Inc ible Potentisl Flow Basic Solutions

The Douglas-Meumann program (ref. 10) is used
for calculating the incompressible potential flow.
Briefly, the program utilizea s distribution of
sources or sinks of initially unknown strength O
to represent the inlet profile. This represen-
tation results in an integral equation (see rvef.
10 for details) wvhich is exact for a continuous
distribution of source strength., This continuous
distribution is approximated by rapresenting the
inlet profile by a finite number of discrete
elements characterised by a point on the slement
(e.5., the midpoint) called tha control point.
RBach slemant has the same predetermined type of

gource strength distribution (e.g., constant,
linear, parabolic). This approximation results in
a set of linear algebralc equations that are solved
by matrix metnods for the source strength at the
control points. Velocities at the control points
and at specified off-body points are then calcu-
lated from the source distribution.

Method of approximation. Two methods of approxi-

mation have been used as shown in figure 4: (1)
the original method, called the base method, which
has been in use at NASA Lewis for several years;
and (2) the improved method, called the higher
order method which was recently put into use.

The base method (ref. 10) uses flat (linear)
surface elements and assumes constan: source
strength over each element (fig. 4(a)). To obtain
solutions of adequate accuracy this method often
requires very large numbers of elements and con-
sequent long computer times.

The higher order method (ref. 11) uses curved
(parabolic) surface elements and assumcs a linear
variation in source strength over each element
(fig. 4(b)). For a given accuracy this method
requires fewer elements than the base method with
consequent savings in computer time. Conversely,
a greater accuracy can be obtained within the
element~number limitations of a given program-
computer system with this method.

Types of basic solutions. The Douglas potential
flow program is used to obtain three basic solu-
tions which are used in linear combination (to
be explained under "Combined Solution" below) in
order to satisfy the prescribed operating condi-
tions (fig. 1). Two types of sets of basic
solutions, as shown in figure 5 have been used at
NASA Lewis. The first is the closed-duct method
(in us~ for several years) and the second ia the
shroud-vorticity method (recently put into use).

The closed duct method uses a combination of a
closed-duct inlet (fig. 5(a)) and an open-duct
inlet both in an axial freestream flow to obtain
a static arbitrary mass flov. This method has
some shortcomings that will be illustrated later
under "Comparison of Methods of Solution".

The shroud-vorticity method (fig. 5(b)) utilizes
a distribution of unit vortices (in addition to
the distribution of eourcas that represent the
inlet profile) on the shroud surface to induce a
atatic mass flow through the inlet. Any arvitrary
static mass flov can be obtained by the use of a
aultiplicative factor. This method does not suffer
the shortcomings of the closed-duct mathod.

Possible solution procedures. The two methods
of approximation and the two metho.ls of inducing

static mass flow are independent of each othar so
that when they are used in all possible cowbin-
ations there results four different procedures
for the solution:

1. Higher order approximation ~ shroud
vorticity,

2. Higher order ~ closed duct

3. Base method ~ shroud vorticity
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4. Base method - closed duct

The effects of these four procedures are inves-
tigated in reference 12. In that reference the
four methods are applied to both STOL and VTOL
inlets at several operating conditions. The
greatest difference in results (static pressure
distribution) are obtained between method 1 (the
method currently in use) and method 4 (original
method) for thin-walled nacelle type inlets in
static operation. An example is shown in figure
6. The differences are quite significant, with
a particularly anomolous behavior for the old
mgthod in the region of the fan face. The loca-
tion of the anomoly {s the beinaning of the
minisum thickness of the nacelle. The element
size here is too large relative to the nacelle
thickness. The anomolous behavior could be elimin-
ated, and the curve of method 4 in figure 6
could be made to agree with that of method 1 by
using a sufficiently large number of elements.
Fowever, for this particular inlet that number
exceeds the limitations of the program. The con-
clusion from the investigation of reference 12, of
which figure 6 i{s an example, is that the new
method gives grester accuracy with fewer elements
and consequent smaller computing time.

Combined Solution

The incompressible potential flow computer pro-
gram just discussed is used to obtain three in-
dependent basic l%lutionl (fig. 5). These three
basic solutions y § = 1,2,3 are then combined
(program COMBYN, !1.. 2) into a solution of inter-

ent having arbitrary flow conditions of V,, @,
and mass flov W (fig. 1). The combination equation
is:

Veal, + W, + o, 1)

where A, B, and C are obtained t. om the three flow
conditions. Thus, once the basic :‘ow solutions
are obtained for a specified geomet:y, any solu-
tion of interest for that geometrv .an be obtained
without repeating the more time-consuming potential
flow calculations.

Comprassibility

The velocity obtained by squation (1) i{s incom-
prassible and is corrected for compressibility by
the Lisblein-Stockman compressibility correction
(vef, 13).

v,/ V.
Veor * ¥y 2% B )
B

where all the terms on the right hand side are
obtained from the incompressible flow solution
or the imput flow conditions. This correction
requires no alteration of the inlet geomety and
it can handle locsl sonic and supersonic velo-
cities. From the compressible velocity, V. .,
other flow properties (Mach number, pressute
ratio, stresmiines, etc.) are obtained.

Soyndery laver

The surface Mach nusber distributions obtained
from program COMBYN are used as input to the
Nerring-Mellor boundary layer calculation (pro-

-

gram VISCUS, fig. 2). Reference 5 contains a com-
plete documentation of program VISCUS and refer-
ences to the original sources. Program VISCUS
calculates Eoundary layer profiles, displacement
thickness &, ekin friction coefficient C¢, etc.,
at each station, and also predicts transition
from laminar to turbulent flow. Separation
(whether laminar or turbulent), is predicted when
Cf is zero.

The boundary layer calculations are based on
the assumption that the flow is two-dimensional,
either planar or axisymmetric. Questions have
been raised (e.g., by Schaub and by Presley and
Perkins, DISCUSSION, of ref. 6) about the validity
of using two-dimensional boundary layer calcu-
lations for flow that is three-dimensional. Up
till now, the boundary layer calculations were
made only along the inlet windward meridian (lower
11p in fig. 1) because the longitudinal velocity
gradients are most severe there and separation
will occur there first. An attempt to assess the
validity of using the two-dimensional boundary
layer calculation along the windward and other
meridians by comparing the calculated boundary
profiles with experimental at several circumfer-
ential locations is currently nearing completion
(ref. 14). In another approach, a study is under-
way to calculate the boundary layer along three-
dimensional streamlines calculated from the
potential flow on the inlet surface. This approach
should result in the best approximation possible
with the exiating program system. Profiles calcu-
lated by this method will be compared with experi-
mental data to assess the usefulness of this
approach.

Another shortcoming of the boundary layer cal-
culation is the neglect of shuck interactions.
Since many cases of current interest contain
regionas of local supersonic flow, it may be neces-
sary to account for possible shock-boundary-layer
interaction in the boundary layer calculations.
Furthermore, the transition model is not able to
predict separation bubbles that sppear to be pre-
sent in the experimental data especially in small-
scale. However, it might be feasible to include
the pradictions of a separation bubdla in am im-
proved transition model.

Iterative Loop

If the boundary layer is significant in the in-
let region of interest, it may be desireable to
add the displacement thickness §* to the original
inlet profile and repeat the entire solution pro-
cedure, thus obtaining & new Mach numbar distri-
bution, new g*, etc. This process may be iterated
to satisfactory convergence. Usually one iteration
is sufficient. In parametric studies or prelimi-
nary design screening, often no iterstion is neaded

Comparisouns with Rsperisast

To indicate the sccuracy of the various sspects
of the prediction method ssveral comparisons with
experimental data will be given. These will range
over incompressidle flow, compressible flow with
insignificant boundary layer, and compressidle
viscous flow with various conditions of the
boundary layer.
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Incompressible

The surface pressure distributions in ' (hord-
wise cut of a VIOL fan-in-wing inlet at low
forwvard velocity are shown in figure 7. The
experimental data of figure 7 were obtained from
the National Research Council of Canada (ref. 15).
Three surfaces are shown on the plot: the forward
surface of the bellmouth; the centerbody; and the
aft surface of the bellmouth. The agreement
batween theory and experiment is quite good every~
where on the {nlet. This case is included to
illustrate the adequacy of the method of geometry
representation even when the calculational model
(sae fig, 3(b)) differs rather significantly from
the real geometry.

Compressible

The next case illustrates the applicability of
the method when the flow is compressible. Figure
8 shows the theoretical and experimental surface
prassure distributions oi. a VIOL fan-in-~pod in-
let (ref. 3). Both incompressible and incompres-
sible-correctad-for-compressibility theoretical
curves are given. The experimental static pres-
sures agree quite well with the theory corrected
for compressibility along the entire surface of
the {nlet.

This good agreement when the flow is compres-
sible is usually obtained with other configurations
both VTOL and STOL, and at various operating con~
ditions provided there are no extended regions of
local supersonic flow. That there may be dis-
agreement when there is supersonic flow {s not
surprising since the relation between local
straastube srea and velocity is different for
supsrsonic ans subsonic flows and the method is
based on the subsonic relation. Furthermore,
there may be othar resal flow effects present in
a8 supersonic flow not accounted for in the ana-
lysis such as the presence of shocks or shock-
boundary~layer interaction.

To 1llustrate the kind of agreement that can
be expected when regions of local supersonic flow
avre present, two sxamples will be given of STOL
engine inlets, First a model STOL engine inlet
at approcach operating condition is shown in
figure 9. The figure shows a comparison of cal-
culated and measured static pressures on both
the vindward and leeward sides of the inlet.

The sgreement would probably be quite adequate
for most design or analysis spplications.

Ancther smell scale model STOL engine inlet
oparating at & takeoff throst Mach number of 0.78
(tor noise reduction purposes) in & Jé-knot
crogwwind (G = ) is shown in figure 10. MNere,
although the theory follows the data in a general
way, there are two vegions of dissgreement: (1) on
the 1ip; and (2) in the rearward portion of the
diffuser. The disagreement in the diffuser is
dus tc neglecting the boundary layer thickness in
the calculations (as will be seen in the next
saction). The disagreement in the region of the
iaterual lip may be dus to the presence of »
sepavation bubble near the highlight and a shock
(or compression waves) near the throat.

It should also be remembered that the observed
disagreements between theory and small-scale wind
tunnel experiments are not necessarily the fault
of the theory. There may be errors i{n the mea-
surements, model contours, wind tunnel wall effects
or vther induced effects. For example, i{n some
cases of poor agreement between theory and experi-
ment, the agreement could be improved markedly by
inputing into the calculation an incidence angle
two or three degrees differert from the measured
value, thus indicating a possible induced effect
in the wind tunne! tests. In fact, a slight in-
crease in incidence angle would improve the agree-
ment on both windward and leeward sides of the
inlet of figure 9.

Viscous (Boundary Layer)

A small-scale translating-centerbody sonic inlet
in the retracted (cruise) configuration (fig. 11(a))
is used for comparing theoretical results including
boundary-layer effects to experimental data. Var-
fous conditions of the boundary layer are obtained
by varying the inlet incidence angle a of the
model. In all cases, the one-dimensional throat
Mach number is 0.50 and the freestream Mach number
is 0.13 (These results are all taken from ref. 8.)

Boundary layer attached. Surface Mach number
distributions for zero incidence angle are shown
in figure 11(b). Two theoretical curves are
shown to illustrate the effect of the calculated
boundary layer on the surface Mach number., The
solid curve is the potential flow (no §* correc-
tion); the broken curve is ‘he potential flow
obtained with §* added to t = inlet profile. With
6" added, there is an excellent agreement with the
theory in the diffuser region. No separation is
indicated either by theory or by experiment.

Diffuser separation. Results ure shown in
figure 11(c) for an incidence angle of 40°. Here

the theory, with or without the §* correction,
predicts separation in the diffuser at about the
tame point as the experimental data indicate the
start of a “pressur -~lateau” commonly associated
with an actual sep..ation.

Lip separation. On figure 11(d) results are
given for an inlet incidence angle of 50°. The
theoretical Mach number distribution {s what would
be obteined 1f the inlet flow did not separate.
The experimental data clearly indicate separacion
on the inlet 1ip. The theory also predicts lip
separation, and although posaibly not at the exact
point as the actual separation, it {s quite ade-
quate as a guide in inlet design.

In cases vhere the theory predicts separation
the calculations stop and there is no &% calcu-
lated beyond the point of separation. Por cases
wvhare s §* correction is used, the diastribution
of 3* into the separated region can be obtained by
extrapolation using an unseparated case (lower
a) as a guide (see vef. 8).

Mdictional comparison for this and other com-
figurations can be found in veference 8. On the
basis of these results, the theory seems adequate
in predicting the boundary layer dehavior for this
type of inlet configuration.
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Applications

The calculation method has been used in many
applications. Among them are: design of inlets
for test models; analysis of existing inlets;
parametric studies to aid in future design work;
and test support. Examples of test support are
calibration of inlets for mass flow rate measure-
ment and interpretation of experimental results
by comparison with the calculated results.

In this paper several applications of the cal-
culatior method will now be discussed, some
utilizing only the potential flow part of the
calculation and others using also the boundary
layer calculations.

Potential Flow

VTOL inlets. Two applications of the method to
VTOL inlets will be discussed: one a design
application; the other an analysis application.

An example of the use of surface velocity dis-
tributions and passage velocity profiles in the
design of a VTOL fan-in-pod inlet is shown in
fig. 12. The specific problem in this case is
the determination of a near-optimum location of
the point of tangency between the bellmouth and
the pod surface. Three locations of this tangent
point are shown in the inset in fig. 12(s). The
theoretical surface velocity distributions on
the three different bellmouths are also shown for
both static and crossflow operation. It can be
seen that both the veiocity peaks and the unfavor-
able velocity gradients in crossflow are reduced
as the tangent point i{s moved out to a larger
radius. Thus case C would be expected to have the
hest crossflow performance. However, at static
conditions cass C shows a higher velocity peak
and a more adverse velocity gradient than cases
A and B. In order to select a best shape a com-
proaise may be made between the static and cross-
flow operation.

The radial velocity profiles at the fan face
are shown in fig. 12(b) for both static and cross-
flow conditions. The differences between the three
cases were not significant enough to affect the
choice. However, ancther application of the
method can be pointed out here, namely that the
calculated static velocity profile as well as the
upstrean streamlines can be used as iaput to the
fan rotor design.

A sacond example (fig. 13) is the calculation
of VIOL rotor inflow distortion in crossflow for
the fan-in-wing configuration shown. The rotor
of the fan and the inlet were both designed for
static operation with a ratio o1 tip speed Uy to
fan axisl velocity V. of 1.7. If this inlet is
operated at & ratio of crossflow velocicy to fan
axial velocity of around 0.4, the incidence angle
of the potential flow relative to the rotor blades
will deviate from the design valus by magnitude 4 ,
88 indicated by the contours in figure 13. It cl*
be seen that, in the plane of the rotor inlet, the
inctdence angle distortion due to the potential
flov slone can be severs. (The incidence sngle
distortion as calculated does not include inlet
total pressure varistions or the wodification of

-

the potential flow due to the presence of the
rotor.) The effect of potential flow inflow dis-
tortion on fan etage performance is illustrated in
reference 2. Additional sets of calculated inci-
dence contoure can be obtained to study the effect
of different design parameters such as inlet depth,
transition velocity, inlet profile, and rotor tip
speed.

SIOL inlets. The next two applications are taken
from a theoretical screening study of inlets for
the Quiet Clean Short-Haul Experimental Engine
(QCSEE) Project (ref. 7). The first is a study of
the effect of varying internal-11ip contraction
ratios and the second is a study of the effect of
external forebody shape on the internal flow.

The first example study was undertaken to ensure
that a reasonable range of contraction ratios was
chosen for experimental evaluation. Figure 14
shows the effect of the internal l{p contraction
ratio, (Dh/Dt )2, on the surface Mach number dis-
tribution at QCSEE takeoff conditions (M, = 0.79,
M, = 0.12, a = 50°). The figure shows that the
higher tne contraction ratio, the better the Mach
number distribution, {.e., the lower the peak value
and the less severe the unfavorable gradient.
(However, the takeoff performance must be compro-
mised with the cruise performance, and the highest
contraction ratio lip may not be best overall.)

The second example taken from the QCSEE s*udy
of reference 7 is the effect of external forebody
bluntness on the peak Mach number in the internal
11p surface (fig. 15). Two of the internal lips
of figure 14 (with contraction ratios of 1.46 and
1.56) were studied with three different external
forebodies. The external forebodies are charac-
terized herein only by their value of bluntness.
Bluntness is a parameter which takes into account
the local bluntness of the forebody near the high-
light, the aspect ratio of the forebody, and the
relative scale of the forebody thickness to the
highlight radius. (For details of the forebody
contour and the quantitative definftion of bluntness
see ref. 7) These combinations were analyzed at
two different operating conditions as shown on
figure 14. At the QCSEE takeoff conditions (fig.
15(a)), the peak Mach number is quite sensitive
to externa) forebody bluntness with the lower con-
traction ratio (1.46) 11ip being wore sensitive
than the 1.5¢ 1ip. However, at conditions more
representative of CTOL takeoff, {.e., an incidence
angle of 30° and a freestream Mach number of 0.18
(f1g. 15(b)), the internal lip peak Macn number is

sentially independent of external forebody blunt-
ness.

-

Viscous Flow

The two principal uses of the boundsry layer cal-
culations in {nlet analysis have been to obtain s
more realistic potentizl flov solutfon by accounting
for the displacement thickness, and to predict
boundary layer separation. Theee uses have already
been {llustrated in the comparison with experiment
in figure 11. The criterion for doundary layer
separation in the method is that the local skin
friction coefficient go to sero. Two uses of
the skin frictinn coefficlent distribution will be
discussed in this section: ome illustrating the
effect of incidence angle on distribution of Cy;
the other {llustrating the effect vf scale.

ORIGINAD PAGE B
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Effect of incidence angle. Figure 16 (taken
from ref, 8) shows the effect of varying incidence
angle on the skin friction distribution of the
inlet of figure 11. A local minimum with a low
value of C¢ 18 a point of likely separation as
the operating conditions become more severe. The
zero incidence curve indicates two regions of
possible boundary layer separation (at the two
minimums), one in the diffuser (where the flow is
turbulent) and the other on the internal lip (where
the flow is initially laminar). (The rise in Cg
from the first mini{mum is due to the transition
from laminar to turbulent flow.)

At an incidence angle of 20°, separation is in-
dicated in the diffuser. As incidence angle is
increased further up to 40° the separation point
moves upstream gomewhat but remains {n the diffuser
at a position close to the diffuser wall inflec-
tion point (S = 0.6). At the same time, the mini-
mum on the 1ip decreases toward zero. Eventually,
at 50° jincidence, the separation point occurs at
the 1ip as the minimum reaches zero there. That
11ip separstion is predicted by the first minimum
going to zero rather than the second minimum moving
forward has been verified by taking very small in-
crements in incidence angle (ref. 16). In refer-
ence 16 it was found that the forward movement of
the diffuser separation location eventually stops
and further increases in incidence angle reduce
the 1ip sinimum until it reaches zero indicating
separation.

Experimental results correlating total pressure
loss with separation location (ref. 8) for this
inlet indicate that diffuser separation in the
region of S » 0.6 leads to only small losses,
whereas 1ip separation leads to intolerable losses.
Thus, it appears that a distribution of C¢, like
that of figure 16, i{s undesireable and {f possible
the inlet design should be modified to raise or
eliminate the minimum on the lip.

Scale effects. The skin friction distribution
is used in reference 17 to investigate the effects
of scale on boundary layer separation prediction.
Figure 17 (taken from ref. 17) shows the skin
friction distribution for the inlet geometry of
figure 10 at several different scales. The smaller
the scale, the more likely {e the boundary layer
to separste. 1f the scale were made sufficiently
emall, the separation point would occur at the
lip as in the case cf increasing angle of attack
(f1g. 16).

The scale effects shown in figure 1/ do not in-
clude the effects of scale on possidble shock-
boundary layer interaction or on more complex
transition sechanisms (such as laminar separstion
with turbulent resttachment), since these effects
are not curreatly included in the boundary layer
progras. The effects of longitudinal curvature
on transition or boundary layer eddy viscosity
are also not imcluded in these psrticular calcu~
lations.

Figure 17 and other resultc of reference 17 fn-
dicate that testing at emall scale tenls to give
pessinistic estimstes of boundary layer behavior.
At attempt will be made in reference 17 to provide
8 procedure for predicting doundary layer at full

scale based on 4 combination of small scale test
results and an improved version of the boundary
layer calculations.

Concluding Remarks

A method for the prediction of potential and
viscous flow in subsc1ic axisymmetric propulsion
system inlets at arbitrary incidence angle and flow
conditions has been developed. The method has
already proven to be a very useful and powerful
tool for both analysis and design purposes. The
varfous elements of the method are constantly being
updated, thus improving both its versatility and
azcuracy. It is probably the best tool available
at present for analyzing the compressible viscous
flow in axisymmetric subsonic inlets at arbitrary
incidence angie and probakly will continue to be
until exact three-dinensicnal compressible inlet
flow computer programs become practical.
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